This study was performed to analyze the efficacy of the prophylactic use of octreotide (Novartis, Stein, Switzerland) for pancreatic fistula following a pancreaticoduodenectomy. The medical records of 190 patients who underwent a pancreaticoduodenectomy at the Samsung Medical Center in Seoul, Korea between January 2000 and December 2002 were reviewed. Patients were divided into either the octreotide (n = 81) or control group (n = 109). The octreotide group received subcutaneous injections of 100 g of octreotide every 12 hours μ for more than five days after surgery. The control group was not treated with octreotide. The criterion of pancreatic fistula was the drainage of the amylase rich fluid, over 500 U/mL in the three days after surgery. The morbidity and mortality rates were 32.1% and 1.2% in the octreotide group and 31.2% and 0% in the control group, respectively. Pancreatic fistula was the second most common complication (8.4%). In the univariate analysis, octreotide was ineffective in reducing pancreatic fistula (p = 0.26). However, in the multivariate regression analysis, combined gastrectomy (p = 0.018), cellular origin of the disease (p = 0.049), and use of octreotide (p = 0.044) were the risk factors that increased the frequency of pancreatic fistula. Therefore, the routine use of octreotide after a pancreaticoduodenectomy should be avoided until a worldwide consensus is established.
INTRODUCTION
Pancreatic fistula after a pancreaticoduodenectomy is a common, but dangerous complication. [1] [2] [3] The major causes of mortality after a pancreaticoduodenectomy are intra-abdominal sepsis or hemorrhage, which frequently precedes pancreatic fistula. 4, 5 These complications also prolong the hospital stay after surgery. Thus, pancreatic surgeons have been interested in the prevention of pancreaticoduodenectomy-related pancreatic fistula. Several techniques and modifications for the management of the residual pancreas have been developed. [6] [7] [8] [9] However, a standard technique for the reduction of pancreatic fistula has not yet been determined. The outcome of clinical trials evaluating the efficacy of various drugs for the prevention of fistula formation remains controversial. Although prospective randomized studies conducted in Europe showed that perioperative treatment using octreotide as a prophylaxis was associated with a lower incidence of pancreatic fistula, [10] [11] [12] [13] the prospective randomized placebo-controlled studies performed in North America revealed that the prophylactic use of octreotide should be eliminated. 14, 15 Even meta-analysis studies showed contradictory results in the effectiveness of prophylactic octreotide. [16] [17] [18] In our hospital, the synthetic somatostatin analogue octreotide 19 has been used since 1995 for the prevention of pancreatic fistula associated with a pancreaticoduodenectomy. Recently, the use of octreotide has increased due to the propensity of individual surgeons. Here, we evaluate the efficacy of octreotide, administered after a pancreaticoduodenectomy, in preventing pancreatic fistula. In this study, pancreatic fistula refers to the drainage of more than 500 U/mL of amylaserich fluids during the three days after surgery or overt clinical findings, regardless of the amount of turbid drainage fluid, leukocytosis, erosion of the skin, etc.
MATERIALS AND METHODS
Between January 2000 and December 2002, 237 patients underwent a pancreaticoduodenectomy in the Department of Surgery at Samsung Medical Center in Seoul, Korea. The following patients were excluded from the study: 16 patients who had a total pancreatectomy and 31 patients treated with octreotide for less than five days or without immediate treatment after the operation. The remaining 190 patients were examined. The control group included 109 patients who had never received octreotide, while the octreotide group consisted of 81 patients treated with octreotide, via a subcutaneous injection of 100 g every 12 μ hours for more than five days (9.38 days ± 8.88) immediately following the surgery. Whether octreotide was administered or not was based on the individual surgeons' propensity for octreotide, which was believed to have changed over time. Therefore, the number of patients in the octreotide group increased with time, with 71.6% of the group seen in the last half of the study.
Pancreaticoduodenectomies were performed according to the classic Whipple procedure or via a pylorus-preserving method. All pancreaticojejunostomies were carried out with either the endto-end or end-to-side telescoping (invagination/ double layer) method. A short silicon stent was routinely intubated into the remaining pancreatic duct, depending on the duct's diameter. The tip of the tube was placed 1.0 -1.5 cm into the jejunum. Also, two closed-suction drains were inserted through the separated site and placed in the vicinity of the pancreaticojejunostomy in order to prevent direct contact with the anastomotic site.
Statistical analysis was made using SPSS 11.0 for Windows. To compare the incidence of pancreatic fistula in the two groups, Chi-square statistics, Fisher's exact test, and the Student's t-test were used. A p-value of less than 0.05 was considered significant. Multivariate comparison was made using a logistic regression of the variables that were originally used in the univariate analysis.
RESULTS
Among the 190 patients who underwent a pancreaticoduodenectomy, 60 patients (31.6%) had one or more complications (32.1% in the octreotide group and 31.2% in the control group). The most common complication was hemorrhage (8.9% overall, 7.4% in the octreotide group, and 10.1% in the control group), followed by pancreatic fistula (8.4% overall, 9.9% in the octreotide group, and 7.8% in the control group), and delayed gastric emptying (7.9% overall, 6.2% in the octreotide group, and 9.2% in the control group). One patient from the octreotide group died from hemorrhage (0.5%) ( Table 1) .
Comparing the octreotide and control groups, the differences in gender, mean age, preoperative biliary drainage, histological diagnosis, median operation time, origin of disease, incidence of complication, and incidence of pancreatic fistula were not statistically significant. On the other hand, the differences in the combined gastrectomy (p<0.001), intra-operative transfusion (p = 0.009), and duration of post-operative hospital stay (p = 0.015) were significant ( Table 2 ). The combined gastrectomy and intra-operative transfusion were considered to be effect modifiers, rather than compounders. In the multivariate comparison for the association of pancreatic fistula with perioperative factors, the use of prophylactic octreotide (p = 0.044), cellular origin of the disease (p = 0.049), and combined gastrectomy (p = 0.018) were selected as the independent variables (Table 3 ).
DISCUSSION
Our data showed that the use of octreotide to [16] [17] [18] 20 have investigated the effect of octreotide after a pancreatectomy, no clear conclusion can be made since the results of these studies were contradictory. This may be attributed to the variations in the definition of pancreatic fistula, patient characteristics, dosages of octreotide, perioperative treatment modalities, and surgical procedures. Thus, an international consensus on the definition of pancreatic fistula after a pancreaticoduodenectomy should be reached prior to the routine prophylactic use of octreotide for pancreatic fistula.
Pancreatic fistula is defined according to the concentration of amylase in the drainage fluid, volume of drainage, and clinical manifestation. In 1992, Buchler et al. 10 defined it as a concentration of amylase in the drainage fluid three times more than the serum concentration, and a drainage volume of more than 10 mL during a 24 hour period. Patients were injected subcutaneously with 100 g μ of octreotide every eight hours for seven days. In 1994, Pederzoli et al. 12 defined pancreatic fistula as the presence of drainage fluid exceeding 10 ml per 24 hours for at least four days, starting from the fourth day after the operation, and an amylase content of at least three times more than the maximum normal value. In 1997, Lowy et al.
14 defined it as the clinical pancreatic anastomotic leak (2.5 times more than the upper limit of the normal serum amylase) in association with a fever (over 38 ), leukocytosis (a white blood cell count over 10,000/L), sepsis (homodynamic instability requiring treatment in the intensive care unit), or a need of percutaneous drainage of the amylase-rich fluid collection. They also defined it as a biochemical pancreatic anastomotic leak with an elevated level of amylase (more than 2.5 times higher than the upper limit of normal serum amylase) in the drainage fluid or three days after surgery, even if it was asymptomatic and resolved spontaneously. Such patients were treated subcutaneously with 150 g of octreotide every eight hours μ for five days. In 2000, Yeo et al. 15 defined pancreatic fistula as a drainage of greater than 50 mL of amylase-rich fluid (three-fold more than the normal upper limit in the serum) per day by surgically placed drains or ten days after surgery, or pancreatic anastomotic disruption demonstrated by a radiograph. Such patients were treated subcutaneously with 250 g of octreotide every eight μ hours for seven days, until the fistula resolved. We defined pancreatic fistula as more than 500 U/mL of amylase-rich fluid from the surgical drain three days after surgery. Such patients were treated with 100 g of octreotide subcutaneously μ every 12 hours.
Without proper adjustment to the various definitions of pancreatic fistula, as well as variation in the dosage of octreotide among the reported studies, it is difficult to reach a conclusion on the use of octreotide treatment based on the practice of evidence-based-medicine. Until there is a consensus on the definition of pancreatic fistula and the proper dosage of octreotide is established by new prospective randomized studies, the results obtained by an individual institution should be considered only as a sample applicable to their own conditions. In our study, the incidence of pancreatic fistula was influenced independently by the cellular origin of the disease and combined gastrectomy (Table 3) . In most studies, the personal technical skill of the surgeons and the hardness of the re- sidual pancreas have been reported to be important factors in the occurrence of complications after a pancreaticoduodenectomy. [1] [2] [21] [22] [23] [24] [25] [26] [27] In some studies, patients who underwent a pancreaticoduodenectomy were classified into high-risk and low-risk groups, 10, 12, 14 which were dependent on the hardness of the remaining pancreas and the amount of pancreatic secretion. In our study, the cellular origin of the disease was considered to be a main factor in determining the feasibility of a pancreaticojejunostomy. We observed that the incidence of pancreatic fistula in the pylorus preserving pancreaticoduodenectomy was lower than in the conventional pancreaticoduodenectomy (Table 3) . Even though the mechanism is unclear, this could be attributed to the unknown function of the remaining duodenum, preserved pylorus, or gastric antrum in contributing to healing after a pancreaticojejunostomy. The remaining stomach and the lesser omentum may alternately protect the anterior pancreaticojejunostomy site. In our study, the incidence of pancreatic fistula was not different between the control and octreotide groups. However, in the patients treated with octreotide, the pylorus preserving pancreaticoduodenectomy was the most favorable prognosis factor. This suggests that the prophylactic use of octreotide was not a favorable prognosis factor. We recommend the selective prophylactic use of octreotide in high-risk patients with a soft pancreas and a small pancreatic duct (under 3 mm). In addition, the indication of octreotide for prophylaxis of a pancreatic fistula should be adjusted by individual institutions based on their mortality and morbidity rates.
